Introduction
============

Inferior vena cava (IVC) thrombosis is an under-recognized entity that is associated with significant morbidity and mortality ([@B1]). It is estimated that 2.6-4.0% patients with lower extremity deep vein thrombosis (DVT) also have IVC thrombosis, whereas thrombus localized only in the IVC is extremely rare ([@B2]). IVC thrombosis is commonly associated with outflow obstruction of the IVC, such as that observed with Budd-Chiari syndrome, IVC anomalies, or as a result of external compression by a mass or hematoma ([@B3]). Various mechanisms for the origin of this condition have been suggested, particularly in athletes ([@B4]). In general, athletes are exposed to many thrombogenic risk factors, including hemoconcentration, trauma, immobilization, long-distance travel, and the use of oral contraceptives, but there is no well-established evidence or treatment ([@B5]).

We herein report an unusual case of IVC thrombosis complicated with a pulmonary embolism in a 62-year-old male bodybuilder probably caused by extrinsic compression due to a weightlifting belt.

Case Report
===========

A 62-year-old man was admitted to our hospital because of worsening shortness of breath over a 2-week period. His dyspnea began suddenly while riding a bike, and he developed worsening shortness of breath. The patient denied recent trauma, surgery, immobilization, or a family history of thrombotic disorders. His only medication was ibuprofen, when needed. He had no abuse of anabolic steroids and supplements. He was a never-smoker and reported social consumption of alcohol. He reported doing daily physical exercise and had a history of performing excessive bodybuilding exercises using a weightlifting belt to prevent back injury while lifting heavy weights five days a week since his 30s. He trained one of five parts of his body (legs, chest, back, shoulders and arms) on each day of the week. His workout consisted mainly of a dumbbell or bench presses variation, sometimes with a machine press. His vital signs included blood pressure of 122/86 mmHg, heart rate of 74/min, and oxygen saturation of 95% (breathing room air). His body mass index and waist circumference were 25 kg/m^2^ (162 cm, 63 kg) and 76 cm, respectively. He had no signs of DVT, such as obvious edema, in his legs. Laboratory findings were ordinary, except for the levels of D-dimer products (11.8 μg/mL). Levels of protein C, protein S, antithrombin III, and antiphospholipid antibodies were within normal limits. An electrocardiogram showed a T-wave inversion in the leads V1-3 and III. However, a transthoracic echocardiogram did not reveal any abnormalities. Contrast-enhanced computed tomography (CT) revealed a thrombus in the right pulmonary artery and basal segmental branches ([Fig. 1A](#g001){ref-type="fig"}). Furthermore, multiplanar reconstruction images revealed a 50×25-mm mass-like thrombus localized at the distal site of IVC ([Fig. 1B](#g001){ref-type="fig"}), and abdominal ultrasonography revealed a free-floating thrombus in IVC ([Fig. 2](#g002){ref-type="fig"}). Contrast-enhanced computed tomography did not show data compatible with malignant pathology or an inflammatory process. Doppler ultrasonography of the lower extremities was performed with no evidence of venous thromboembolism (VTE) visualized.

![Enhanced computed tomography. Panel A shows the thrombus in the right pulmonary artery and basal segmental branches. Panel B shows a large, mass-like thrombus measuring 50×25 mm in diameter in the IVC (white arrow). IVC: inferior vena cava](1349-7235-57-2517-g001){#g001}

![Abdominal ultrasonography showing a free-floating thrombus in the IVC (white arrow) (A: longitudinal axis, B: short axis). IVC: inferior vena cava](1349-7235-57-2517-g002){#g002}

Because of the vast and floating IVC thrombus at the infra-renal level, we decided to insert an IVC filter in the infra-renal IVC on the first day (before the administration of the anticoagulant). He was subsequently orally administered 15 mg of rivaroxaban twice daily for 21 days followed by 15 mg daily for maintenance treatment. He responded well to the new treatment with a significant reduction in dyspnea three days after the administration of rivaroxaban and was able to walk up the stairs without shortness of breath. After a month of treatment, follow-up abdominal CT showed a significant reduction in the thrombus, but a small residual thrombus remained. With no evidence of thrombus at the IVC filter, we attempted to remove the IVC filter. However, it proved impossible to snare the hook of the IVC filter at wall because of a tortuous IVC. He continued receiving rivaroxaban at 15 mg daily until the clinical follow-up 3 months after the development of IVC thrombus.

At the 3-month follow-up, venous Doppler imaging of the IVC was performed, and the IVC thrombus had completely disappeared. An ultrasound compression test for the IVC was performed to clarify the impact of the weightlifting belt he used, which demonstrated an easily compressed IVC by the convex probe ([Fig. 3](#g003){ref-type="fig"}). We then replicated situations using the weightlifting belt and not using it in order to examine how the weightlifting belt affected the IVC. [Fig. 4](#g004){ref-type="fig"} shows a comparison of the spectral Doppler waveforms obtained at the level of his right common femoral vein with and without the weightlifting belt. When using the weightlifting belt, a more decreased forward flow was observed compared to not using the weightlifting belt, which was an indirect sign of central venous stenosis. He finished a 6-month course of rivaroxaban therapy while refraining from using the weightlifting belt, and the IVC thrombus was successfully treated based on the findings of repeated venous Doppler imaging of the IVC, which remained negative for thrombosis ([Fig. 5](#g005){ref-type="fig"}).

![Abdominal ultrasonography after three months of rivaroxaban treatment. An ultrasound compression test for the IVC before (a) and after (b) compression by a convex probe. (b) demonstrates an easily compressed IVC. IVC: inferior vena cava](1349-7235-57-2517-g003){#g003}

![A comparison of the spectral Doppler waveforms obtained at the level of his right common femoral vein with (a) and without (b) the weightlifting belt. (a) demonstrates a more decreased forward flow than without the weightlifting belt (b).](1349-7235-57-2517-g004){#g004}

![After the insertion of the IVC filter, treatment with oral rivaroxaban for six months resulted in marked improvement in his dyspnea and thrombus. IVC: inferior vena cava](1349-7235-57-2517-g005){#g005}

Discussion
==========

Localized thrombosis of IVC is an extremely rare condition in otherwise healthy adults ([@B2],[@B6]). Because it is a rare entity, the definitive mechanism of thrombosis and its treatment remain unclear. The patient in our case study had no malignancy, trauma, hematologic abnormality, or a history of surgery. However, data are insufficient to claim that the etiology is "unknown", as this is an extremely rare condition. The risk factors for thromboembolism are well known, and athletes are placed under conditions, such as travel, trauma, immobilization, hemoconcentration, and polycythemia, that can result in exposure to several of these factors ([@B5]).

If the pathogenesis of IVC thrombosis in the present case is to be attributed to him being a bodybuilder, some essential aspects need to be considered, including steroid use. Johannesdottir et al. examined the association between the use of glucocorticoids and the risk of VTE and found that current glucocorticoid use is associated with a more than two-fold increase in VTE compared with that in non-users ([@B7]). In this case, steroid use was not evident, so different mechanisms of bodybuilder-related thrombosis are assumed to have been involved. Another possible cause of the IVC thrombosis in this bodybuilder is the use of a weightlifting belt. Weightlifting belts are commercially marketed with the aim of preventing back injuries while lifting heavy objects. It is thought that they work by helping support and stabilize the spine. However, they may also affect the intra-abdominal pressure while tightening the intra-abdominal organs significantly ([@B8]).

Because our patient\'s IVC was easily compressed by a probe, we considered the mechanism for IVC thrombosis to have been due to his use of a weightlifting belt. Caval flow stasis caused by compression with a weightlifting belt from the outside of the body leads to thrombosis, similar to the so-called venous compression syndromes reported by Butros et al. ([@B9],[@B10]). Venous compression syndromes are caused by an extrinsic mass effect on a vein by adjacent structures, such as arteries, bones, muscles, or ligaments. In a narrow and confined anatomical space, the otherwise morphologically normal vein becomes trapped between rigid or semi-rigid surfaces ([@B11],[@B12]). In this case, we assumed that the weightlifting belt might compartmentalize IVC combined with his developed inner muscle such as psoas muscle.

Given the rarity of the disease, there is no evidence-based approach for its management. In the present case, the patient had a large floating thrombus in the IVC complicated by a hemodynamically stable PTE. We inserted an IVC filter the day before the administration of a new anticoagulant. We did not opt for the surgical approach, as IVC thrombectomy is an invasive surgery that requires direct caval venotomy or temporary groin arteriovenous fistula creation and does not allow the concomitant treatment of residual stenosis after thrombectomy ([@B13],[@B14]). Therefore, this modality has fallen out of favor and is now limited to patients with tumor-associated thrombus ([@B1],[@B15]).

Anticoagulants are the gold standard of treatment for patients with IVC thrombosis, but there are no specific recommendations guiding the anticoagulant management in patients. Furthermore, the use of newer anticoagulants remains a challenge. There has only been 1 case report of a 52-year-old man who was successfully treated with rivaroxaban for IVC thrombosis provoked by multiple traumatic injuries ([@B16]). The EINSTEIN study showed that oral rivaroxaban was not inferior to warfarin therapy in the treatment of VTE ([@B17]). However, the study was based on VTE study data in the general VTE population, and whether or not direct oral anticoagulants (DOACs) are effective options for IVC thrombosis is unclear, as the study did not specify whether patients with IVC thrombosis were included. The advantages of DOACs over warfarin include a lower incidence of significant bleeding, convenience of use, minor drug and food interactions, predictable pharmacokinetics and pharmacodynamic, rapid onset and offset of action, short half-life, and no need for laboratory monitoring ([@B18]). Further case series and clinical studies are needed to guide the use of DOACs for IVC thrombosis.

Conclusion
----------

This case is of interest because IVC thrombosis is rare compared with lower-extremity DVT, particularly localized and mass-like IVC thrombosis. IVC thrombosis has been associated with several factors in the daily life of athletes. Extrinsic compression from outside the body, such as weightlifting belts, may have been an important triggering factor. DOACs with and without an IVC filter may be a useful initial option if a thrombosis is localized in the IVC.
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